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storage, and release of the thyroid hormones thyroxine (T4) and 3-5-3'
triodothyronine (T3). T4 synthesis and T3 synthesis occur in three phases:
(1) uptake and concentration of inorganic iodide, (2) the preceding or
concurrent synthesis of thyroglobulin (TG), and (3) iodine organification
and iodothyronine formation in the TG molecule. The iodinated TG is
then either hydrolyzed to release T3 and T4 for secretion or is stored in
the thyroid follicular lumina as colloid (De65).

Feedback regulation of the thyroid is vulnerable to disruption by nat-
ural, therapeutic, or experimental means at virtually every step (C186b,
Du80). The goitrogenic effect of iodide deficiency has been recognized
since antiquity, and experimental hypothyroidism is readily induced by
diets low in iodine. Pharmacological disruption of the iodide concentra-
tion by perchlorate and of iodide oxidation and iodothyronine synthesis
by thiocarbamides and other goitrogens are common experimental tech-
niques used to block T4 and T3 synthesis. Partial or total destruction of
the thyroid epithelial cells can be induced by administration of radioio-
dide. A TSH-mimicking molecule, long-acting thyroid-stimulating protein
(LATS), results in hyperthyroidism in some humans. These observations
have been experimentally exploited in studies of thyroid radiobiology and
carcinogenesis.

Phases of Thyroid Carcinogenesis

The events in thyroid carcinogenesis can be divided into three phases:
(1) an acute phase, including early radiation injury, neoplastic initiation,
and intracellular repair; (2) a latent phase, from the acute phase until overt
tumor formation; and (3) the phase of tumor growth (C186b).

The Acute Phase

The first step in radiogenic thyroid cancer induction is initiation, that
is, the formation of one or more heritable precancerous changes in one
to many thyroid cells (C186b, Du80). About 1-2% of young rat thyroid
epithelial cells are clonogenic, that is, they are capable of forming new
clonal thyroid follicles under TSH stimulation (C185a); these proliferation-
competent cells are presumed to be the cells of origin of thyroid neoplasms.
Clonal follicular units have been used as an endpoint in a quantitative
transplantation assay of the relative numbers, acute response to radiation,
postirradiation repair capacity, and frequency of neoplastic initiation in the
thyroid clonogens (C185a, Mu84). The evidence indicates that 98-99% of
the thyroid epithelial cells are nonclonogenic, that is, they are capable of
but a few rounds of mitosis in response to TSH (Du80).

Radiogenic cellular damage after doses in the carcinogenic range of less
than 20 Gy is usually expressed during mitosis. There is little biochemical